as tissue development, remodeling, and healing. More specifically, heparan sulfate (HS), a vital component of all animal cells, 2,3 interacts with a plethora of partner molecules, including growth factors (GFs), chemokines-cytokines, ECM components, enzymes, morphogens, and pathogen-derived molecules. 4 HS facilitates self-assembly and structural integrity of ECM components and can hold millions of distinct structural modifications, which explains why it has been called "the most information-dense biopolymer in nature." 5 HS has a large variety of regulatory functions that give it great potential as a cosmetic ingredient to restore aged-skin homeostasis and health.
Unfortunately, naturally occurring HS has limited skin penetration due to its large molecular size and high polar charge. Low Molecular
Weight Heparan Sulfate (LMW-HS) is a pharma-grade cosmetic ingredient that was developed to overcome skin penetration limitations while preserving its activity. 4 LMW-HS is a modified form of endogenous HS in which size (6-12 kDa), shape, and charge were optimized. Previously, Gallo et al 4 showed that an LMW-HS-containing facial cream triggered improvements in skin hydration, barrier function, firmness, and elasticity. Thus, the aim of this study was to evaluate the efficacy and tolerability of an eye cream containing LMW-HS and a blend of naturally derived extracts to accomplish global periorbital rejuvenation.
| MATERIAL S AND ME THODS
All activities performed within the scope of this study complied with recognized Good Clinical Practice guidelines and applicable regulatory requirements. Subjects were recruited using an IRB-approved advertisement method. Subjects completed an
Informed Consent Form (ICF) in conformance with 21 CFR Part 50: "Protection of Human Subjects," which was signed on the day of enrollment. after cleansing their facial skin with the provided generic cleanser.
| Subjects

| Test materials
The study duration was 12 weeks (August 2017-January 2018), and subjects were evaluated at baseline and weeks 2, 4, 8, and 12.
| Evaluation
Subjects were evaluated at baseline and weeks 2, 4, 8, and 12. All assessments were performed after subjects washed their skin with a generic cleanser. Investigator efficacy and tolerability were evaluated at each visit by the same well-trained personnel. Skin conditions around the eyes (fine lines and wrinkles, coarse wrinkles, under-eye puffiness, dark circles, and overall skin damage) were evaluated using a ten-point scale (0 = none, 1-3 = mild, 4-6 = moderate, and 7-9 = severe).
Global improvement was evaluated by the investigator using a fivepoint scale: 0 = worse, 1 = no improvement, 2 = mild improvement (25% overall improvement), 3 = moderate improvement (50% overall improvement), and 4 = marked improvement (75% overall improvement). Skin tolerability (under-eye skin dryness and erythema) was evaluated using a ten-point scale (0 = none, 1-3 = mild, 4-6 = moderate, and 7-9 = severe).
| Standardized clinical photography
Digital photographs were obtained at baseline and weeks 2, 4, 8, and 12 using VISIA CR Imaging System, Canfield Scientific.
| Subject self-assessment
Subjects completed a self-assessment questionnaire at weeks 2, 4, 8, and 12.
| RE SULTS
Under-eye pigmentation results from a combination of different colors/pigments and therefore, is developed through different mechanisms. The contribution of each of these colors/pigments (ie, red/pink, blue/gray, and brown) to the appearance of under-eye pigmentation varies among individuals. We investigated the efficacy of the test product to address periorbital hyperpigmentation in subjects with moderate to severe photodamage. Improvements in periorbital erythema were observed as early as 2 weeks in subjects using the test product twice daily ( Figure 1A ,B). the subjects' questionnaires and self-assessments, in which 93% of the subjects stated that their skin was hydrated after the application of the test product ( Figure 5C ). Significant improvements in coarse wrinkles and under-eye crepiness were also observed ( Figures 3   and 4 ). In addition, 67% of the subjects reported improvements in coarse wrinkles ( Figure 5B) at week 12 after using the test product.
Investigator's assessment at week 12 ( Figure 6B ) reported that 50%
and 87% of the subjects showed improvement in the appearance of coarse wrinkles and fine lines, respectively.
Under-eyes puffiness or mild swelling becomes more prominent as we age due to intrinsic changes in the physiology and anatomy of skin. Application of the test product resulted in a rapid decrease in under-eye puffiness ( Figure 5A , non-standardized photography from an independent case study). Seventy-three percent (73%) of subjects in this study reported improvement in under-eye puffiness ( Figure 5B ) at week 12. Finally, Investigator's global improvements assessments of fine lines and wrinkles, coarse wrinkles, under-eye puffiness, and dark circles indicated that 40% of the subjects showed mild improvements in these conditions, while 27% and 20% of the subjects showed moderate and marked improvements, respectively ( Figure 6A ). In addition, product satisfaction was highly graded by all the participants, as 100% of subjects agreed that the test product was easy to use, did not dry the skin, and felt soothing ( Figure 5C ).
| D ISCUSS I ON
Skin aging, regardless of whether its origin is chronological or environmental, results in visible deterioration of the skin's condition and loss of its functionality. 6 Environmental aging, which is triggered by solar radiations (UVA, UVB, IR, and visible light), pollution, and other stressors, is characterized by lines and wrinkles, dyschromia, dry skin, leathery appearance, sallow complexion, and changes in skin tone and texture. and results in an undesired tired, stressed, and aged look. 12 Various causes lead to periorbital hyperpigmentation, including aging, increased skin laxity and skin thinning, tear trough depression, post-inflammatory hyperpigmentation (PIH) secondary to atopic dermatitis or allergic contact dermatitis, and post-inflammatory hemodynamic F I G U R E 5 A, Case study shown using non-standardized photography. It is important to remark that clinical improvements in undereyes puffiness cannot be assessed using standardized photography as the closing of the eye (a requirement for safe picture taking) results in improvements in the appearance of puffiness. Female, 63 y old, Caucasian, showed improvements in under-eye puffiness 5 min after application of an eye cream containing LMW-HS and a proprietary blend of naturally derived extracts. B, Subjects' self-assessments and C, product performance evaluations at week 12 congestion. 13, 14 Interestingly, different pigments/colors (ie, brown, blue-gray, red-pink, and purple) are responsible for under-eye discoloration ( Figure 7) . One of the most common causes for under-eye hyperpigmentation is the naturally occurring thinning of the skin, which allows the visualization of vascular changes and/or muscles under the skin. Therefore, cosmetic formulations that contribute to thickening the skin around the eye may visually improve the appearance of under-eye discoloration. Clinical studies using LMW-HS in topical formulations have shown increases in skin firmness and elasticity, suggesting improvements in dermal health. 4 In addition, ex vivo data suggests that multiple applications of cosmetic creams containing LMW-HS resulted in deposit of collagens and elastin (unpublished data, not shown), further supporting a role of LMW-HS in skin thickening.
Another condition linked to periorbital discoloration is capillary leakage, which is due to inflammation, resulting in tissue accumulation/degradation of heme groups and other related pigments. 15 Free-heme groups are highly cytotoxic due to the iron atom contained in the porphyrin ring, which catalyzes an uncontrolled production of free radicals (via Fenton reaction), 16 enhancing oxidative stress, necrosis, and apoptosis. Under normal conditions, heme-oxygenase (HO) is responsible for heme degradation into carbon monoxide (CO), iron (which is sequestrated by ferritin), and biliverdin.
Chronic oxidative stress and inflammation also promote the deposit of hemosiderin, a complex form of ferritin, denatured ferritin and other materials, and the accumulation of damaged proteins (which contributes to the blue-gray color of under-eye circles). Topically applied LMW-HS has been linked to a rapid decrease in erythema and uneven pigmentation as well as decreases in edema and inflammation (unpublished data). 4 In addition to LMW-HS, the test product also contains a blend of Hieracium pilosella and Bellis perennis flower extracts, which have been linked to heme-oxygenase-1 (HO-1) induction contributing to the degradation of the heme group and preventing activation of melanocytes. Thus, E. Crustaceum plankton extract helps to decrease vascular permeability minimizing fluid extravasation and preventing edema and puffiness.
Age-related reduction of epidermal function results in skin dehydration that can be aggravated by environmental stressors, further compromizing barrier function and increasing trans-epidermal water loss (TEWL) with the concomitant activation of cutaneous inflammation. Therefore, restoring skin hydration plays a fundamental role in controlling inflammation, which happens to be the main cause of erythema and edema. As a SuGAG, LMW-HS has the intrinsic capacity of water binding, which, in combination with its penetration profile (reaches epidermis and papillary dermis), improves skin hydration at different levels. Congenital or acquired dermal melanocytosis is another condition that can trigger the gray-blue color of dark circles. 17 Chronic environmental stress and inflammation activate melanin production, and the disruption of the circadian production of skin cortisol further affects skin homeostasis and perpetuates the inflammatory response. 18 To address cortisol imbalance, Tephrosia purpurea seed extract was added to the test product. This extract is enriched in stachyose, ciceritol, kaempferol-3-O-rutinoside, quercetin-3-O-rutinoside, and patuletin-3-O-rutinoside, which have been linked to normalization of cortisol imbalance while increasing β-endorphins production. 19 It is important to note that the test product in this study does not contain the typical active ingredients used to address periorbital hyperpigmentation, such as hydroquinone, tretinoin, kojic acid, azelaic acid, arbutin, growth factors, vitamin C, or sunscreen actives. 20, 21 Although these active ingredients have been proven to be efficacious, they may trigger irritation, increasing the risk of PIH or worsening uneven skin tone conditions. Addressing periorbital discoloration is frequently done by a combination in-office and take-home skin care approach. 22 Thus, it would be interesting to evaluate the potential synergistic effect of the test product with in-office procedures such as pulsed light therapy, lasers, or peels. Figure 7) . Interestingly, aging results in gradual atrophy and a decrease in density and network complexity of the lymphatic system, 26, 27 promoting water accumulation in the tissues. Furthermore, UV radiations were found to damage cutaneous lymphatic vessels, 28 contributing to the lymphatic-dependent dysregulation of adipose volume and, therefore, facial wrinkle formation. 29 We observed that the test product addressed under-eye puffiness ( Figure 5A with coarse wrinkle formation as these stressors increase collagen degradation and decrease its production, diminish the amount of functional elastic fibers, and significantly alter the balance of cutaneous GAGs ( Figure 7 ). Chronological and environmental aging trigger intense dermal and epidermal GAG remodeling, altering the ratio of abundancy of SuGAGs, which is linked to the development of solar elastosis. 30 Deposit of elastotic material not only affects the dynamics of the ECM but also increases SuGAG-linked dysfunction by sequestrating these molecules and compromizing both their biological activity and water trapping capacity, resulting in fragile and dehydrated skin that shows signs of tiredness. In addition to these changes in the dermal level, volume loss on the adipocyte layer also contributes to wrinkle formation. 31, 32 In conclusion, our clinical evaluation of an eye cream containing LMW-HS and a proprietary blend of naturally derived extracts showed total global improvements in periorbital skin condition. This test product was highly rated by subjects for efficacy and product attributes and was well tolerated. Although results of this proof-of-concept clinical study were satisfactory in both efficacy and subject satisfaction, further evaluations with a larger number of subjects would be appropriate to expand this study's findings. In addition, it would be interesting to evaluate the efficacy of this test product in combination with common in-office procedures for periorbital eye rejuvenation, such as dermal fillers, neurotoxins, lasers, and others.
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Main causes and mechanisms associated with the three major aging concerns of the periorbital area: periorbital hyperpigmentation (dark circles and upper-eyelid discoloration), puffiness, and lines and wrinkles. All these conditions are triggered by a variety of factors and therefore require a multi-factorial approach
